MULTIPLEXING COMMUNICATION SYSTEM 



BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates to a multiplexing 
communication system suitable for a mobile multiplexing 
communication system in which a code-dividing multi-access method 
is applied as a multiplexing method, such as a personal 
communication system (PCS) , a digital cellular system or the like . 

2. Description of Related Art 

The following publications introduce conventional 
techniques related to such a communication system. 

1. Mobile Station - Base Station Compatibility Standard 
for Dual -Mode Wideband Spread Spectrum Cellular System, IS-95; 

2. CDMA - Principles of Spread Spectrum Communication, 
Andrew J. Viterbi, Addison Wesley, 1995; and 

3. NTT DoCoMo Technical Journal Vol. 4, No. 3. 

In Publication 1, a transmission method for a plurality of 
series of data used in CDMA communication is provided. 
Publication 1 describes a transmitter that takes a portion of the 
power control data for each mobile station and transmits it on 
a communication channel in a multiplexed manner. The transmitter 
assigns the connection control data to frames of transmission 
audio data. It is noted that the transmitter described in 
Publication 1 uses a part of one data region corresponding to 168 
bits for audio data and uses the remaining part of the same region 
for connection control data. 

The method of distributing audio data and connection 




control data in a single data region is determined based on the 
transmission rate of the audio data. Assuming the transmission 
rate is 9600 bits per second (bps) , there are five distribution 
methods: a method in which only the audio data is transmitted; 
5 a method in which each of the audio data and the connection control 

data constitutes a half of the transmission data; a method in 
which the audio data and connection control data constitute 1/4 
and 3/4 of the transmission data, respectively; ; a method in which 
the audio data and the connection control data constitute 1/8 and 
10 7/8 of the transmission data, respectively; and a method in which 

only the connection control data constitute all of the 
transmission data. In these five distribution methods, the 

5,3 number of audio data bits and the number of connection control 

data bits in each frame are 168 and 0; 80 and 88; 40 and 128; 16 
^15 and 152 ; and 0 and 168 , respectively. By using these five methods , 

h± i.e., frame formats, the audio data and the connection control 

data are transmitted while the transmission of the connection 

5;=5 control data is adjusted based on the amount of information 

ry included in the audio data. 

; ; ?20 

w _ Publication 2 provides an example of transmission power 

control. In the communication system described in Publication 
2, open-loop power control is performed based on the output of 
an automatic gain control circuit (hereinafter, referred to as 

25 an AGC circuit) . Also, closed- loop power control is performed 

so as to adjust the transmission power level in response to 
instructions from another communication station to adjust the 
transmission power level . More specifically, the aforementioned 
method of power control is described as a method of power control 

30 for reverse-link data. In this method of power control for 

reverse-link data, a mobile station increases and decreases the 
transmission power level in response to power control bits "0" 
and "1" , respectively, that are sent from a base station. 
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As described above, in the CDMA communication systems 
described in each of Publications 1 and 2, both the audio data 
and the connection control data are logically mapped on the same 
physical frame f and open- loop power control and closed- loop power 
control are performed for the same physical frame. 

Therefore, in a case where the audio data, which is called 
the first data, is required to have a communication quality 
different from that of the connection control data, which is 
called the second data, transmission power control has to be 
performed so as to achieve the higher of the two communication 
qualities . 

In addition, Publication 1 provides that first and second 
audio data are transmitted instead of audio data and connection 
control data . 

Publication 3 describes a high-speed transmission 
technique, which uses orthogonal symbol channels. In this 
transmission technique, a data series having a higher 
transmission rate is transmitted using a plurality of physical 
channels that are divided by orthogonal symbol channels . In this 
transmission technique, single path power control is performed 
for the plurality of physical channels, because the plurality of 
physical channels carry data having the same quality. 

However, when there are a plurality of series of logical 
data with different required qualities, in order to transmit 
physical data obtained from the plurality of series of logical 
data, a new power controller is required in order to achieve all 
the required qualities while preventing excessive power 
transmission . 

In the case of a data series for which re- try operation is 




not performed, such as telephone call data, when the required 
quality of the data series is not achieved, noises may interfere 
with the data. In this case, the audio content of the telephone 
call is not correctly judged at the receiver end.. In the case 
5 of a data series for which re-try operation is performed, such 

as connection control data, when the required quality is not 
achieved, overhead due to the re -try operation may be large, 
thereby decreasing the transmission rate . Thus many problems may 
arise when the required qualities of any of the data series is 
10 not achieved. 

On the other hand, if excessive power transmission is 
3 permitted in a CDMA communication system, the excessive power may 

ff interfere with communication between other users, leading to a 

Jl5 decrease in the number of simultaneous connections possible at 

* one base station. Such interference accounts for most of the 

noise occurring in communication signals between other users. 

Li SUMMARY OF THE INVENTION 

J , Therefore, the present invention aims to provide a 

communication system that can solve the aforementioned problems. 
This object can be accomplished by the combinations of features 
recited, in the independent claims. In addition, the dependent 
25 claims recite further advantageous embodiments of the present 

invention . 

According to the first aspect of the present invention, a 
communication station for transmitting first data and second data 
30 is provided, which includes: an encoder for coding the first data 

and the second data; a multiplexer for multiplexing the coded 
first data and the coded second data; a transmitter for 
transmitting the first data and the second data that are 
multiplexed with each other to another communication station, the 
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first data and the second data being transmitted at a first 
transmission power level and a second transmission power level, 
respectively; and a transmission power controller for receiving 
transmission power control information from the other 
communication station and for controlling the first transmission 
power level and the second transmission power level independently 
of each other. 

In an embodiment of the present invention, the transmission 
power control information includes first and second control bits. 
The first communication station changes both a first gain for the 
first data and a second gain for the second data by a first value 
based on the first control bit, and changes either the first gain 
or the second gain by a second value based on the second control 
bit. The first value may be larger than the second value. In 
a preferred embodiment, the first value is 1 dB and the second 
value is 0.1 dB. 

According to the second aspect of the present invention, 
a communication station for receiving first data and second data 
transmitted from another communication station is provided, in 
which the first data and the second data are transmitted at a first 
transmission power level and a second transmission power level, 
respectively. The communication station includes: a receiver 
for receiving the first data and the second data; a processor for 
decoding the first data and the second data; a control information 
generator for generating transmission power control information 
based on the first data and the second data received by the receiver, 
the transmission power control information serving to control the 
first transmission power level and the second transmission power 
level independently of each other; and a transmitter for 
transmitting the transmission power control information to the 
other communication station. 



In an embodiment of the present invention, the transmission 
control information is generated in such a manner as to reduce 
the difference between a first difference between the required 
received quality and the actual received quality of the first data 
and a second difference between the required received quality and 
the actual received quality of the second data. Preferably, the 
required received quality and the actual received quality of both 
the first data and the second data may be represented by the frame 
error rate. Alternatively, they may be represented by the 
signal-to-noise ratio . 

In another embodiment of the present invention, the 
transmission power control information includes a first control 
bit generated based on the first data and a second control bit 
generated based on both the first data and the second data, and 
the first control bit is transmitted to the other communication 
station more frequently than the second control bit . Preferably, 
the first control bit is transmitted at intervals of 1.25 ms while 
the second control bit is transmitted at intervals of 80 ms . 
Moreover, it is preferable that the second control bit is 
transmitted in such a manner that the first control bit is replaced 
with the second control bit at intervals of 80 ms . The second 
control bit may be transmitted in synchronization with the start 
of a frame of the first data. Alternatively, the second control 
bit may be transmitted at a timing corresponding to a portion of 
a frame other than the header portion or the end portion. 

According to the third aspect of the present invention, a 
communication station for transmitting first data and second data 
on reverse- link and for receiving third data and fourth data on 
forward-link in response to the first data and the second data 
is provided. The communication station includes: an encoder for 
coding the first data and the second data; a multiplexer for 
multiplexing the coded first data and the coded second data; a 



transmitter for transmitting the first data and the second data 
that are multiplexed with each other to another communication 
station, the first data and the second data being transmitted at 
a first transmission power level and a second transmission power 
5 level, respectively; a receiver for receiving the third data and 

the fourth data; a processor for separating transmission power 
control information from the third data and the fourth data; a 
transmission power controller for controlling the first 
transmission power level and the second transmission power level 
10 independently of each other, based on the separated transmission 

power control information; and a control information generator 
for generating further transmission power control information 
O based on the reception states of the third data and the fourth 

if* data, the further transmission power control information serving 

if) to control the third transmission power level and the fourth 

! ! * transmission power level independently of each other. In this 

communication station, the further transmission power control 
*f s information is transmitted together with the first data and the 

yd second data. 

|p 

^ _ According to the fourth aspect of the present invention, 

a communication system is provided that includes: a first 
communication station for transmitting first data and second data 
at a first transmission power level and a second transmission 

25 power level, respectively; and a second communication station for 

receiving the first data and the second data transmitted from the 
first communication station. In this communication system, the 
second communication station generates transmission power 
control information based on the received first and second data, 

30 and transmits the generated transmission power control 

information to the first communication station. The first 
communication station receives the transmission power control 
information from the second communication station, and controls 
the first transmission power level and the second transmission 
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power level independently of each other based on the transmission 
power control information. 

In one embodiment of the present invention,- the first 
communication station includes a transmission power controller 
that controls a first gain of the first data and a second gain 
of the second data independently of each other, thereby 
controlling the first transmission power level and the second 
transmission power level. 

In another embodiment of the present invention, the 
transmission power control information includes first and second 
control bits, and the transmission power controller of the first 
communication station changes both the first gain and the second 
gain by a first value based on the first control bit, and changes 
either the first gain or the second gain by a second value based 
on the second control bit. Preferably, the first value is larger 
than the second value. The first value and the second value may 
be 1 dB and 0.1 dB, respectively. 

In still another embodiment of the present invention, the 
second communication station generates the transmission power 
control information in such a manner as to reduce the difference 
between. a first difference between the required received quality 
and the actual received quality of the first data and a second 
difference between the required received quality and the actual 
received quality of the second data. 

In still another embodiment of the present invention, the 
required received quality and the actual received quality of both 
the first data and the second data are represented by the frame 
error rate . Alternatively, the required received quality and the 
actual received quality of both the first data and the second data 
may be represented by the signal-to-noise-ratio. 
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In still another embodiment of the present invention, the 
second communication station generates the first control bit 
based on the first data and the second control bit based on both 
5 the first data and the second data,, and transmits the first control 

bit to the first communication station more frequently than the 
second control bit. It is preferable that the first control bit 
is transmitted at intervals of 1.25 ms, while the second control 
bit is transmitted at intervals of 80 ms. Moreover, it is more 
10 preferable that the second control bit is transmitted in such a 

manner that the first control bit is replaced with the second 
p control bit at intervals of 80 ms . The second control bit may 

|;r! be transmitted in synchronization with the start of a frame of 

i.H the first data. Alternatively, the second control bit may be 

t |5 transmitted at a timing corresponding to a portion of a frame other 

than the header portion or the end portion. 

y\i In still another embodiment of the present invention, the 

second communication station transmits third data and fourth data 

= : 20 at a third transmission power level and a fourth transmission 

- power level, respectively, to the first communication station. 
The first communication station generates further transmission 
control information for controlling the third transmission power 
level and the fourth transmission power level . The second 
25 communication station controls the third transmission power level 

and the fourth transmission power level independently of each 
other based on the further transmission power control information 
from the first communication station. 

30 It is preferable that the second communication station 

transmit the transmission power control information to the first 
communication station in such a manner that the transmission power 
control information is conveyed with either the third data or the 
fourth data. In addition, it is also preferable that the first 
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communication station transmit the further transmission power 
control information for the third data and the fourth data to the 
second communication station in such a manner that the further 
transmission power control information is conveyed with either 
the first data or the second data. 

In still another embodiment of the present invention, the 
second communication station controls a third gain of the third 
data and a fourth gain of the fourth data independently of each 
other, thereby controlling the third transmission power level and 
the fourth transmission power level. 

In still another embodiment of the present invention, the 
further transmission power control information generated by the 
first communication station includes third and fourth control 
bits. The second communication station changes both the third 
gain and the fourth gain by a third value based on the third control 
bit, and changes either the third gain or the fourth gain by a 
fourth value based on the fourth control bit. It is preferable 
that the third value be larger than the fourth value. The third 
value and the fourth value may, be 1 dB and 0.1 dB, respectively. 

In still another embodiment of the present invention, the 
further, transmission control information is generated to reduce 
the difference between a third difference between the required 
received quality and the actual received quality of the third data 
and a fourth difference between the required received quality and 
the actual received quality of the fourth data. 

The required received quality and the actual received 
quality of each set of data may be represented by the frame error 
rate. Alternatively, they may be represented by the signal- 
to-noise ratio. 
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In still another embodiment of the present invention, the 
first communication station generates the third control bit based 
on the third data and the fourth control bit based on both the 
third data and the fourth data, and transmits the third, control 
5 bit to the second communication station more frequently than the 

fourth control bit. It is preferable that the third control bit 
be transmitted at intervals of 1.25 ms, while the fourth control 
bit is transmitted at intervals of 80 ms. Moreover, it is 
preferable that the fourth control bit be transmitted in such a 
10 manner that the third control bit is replaced with the fourth 

control bit at intervals of 80 ms . The fourth control bit may 
be transmitted in synchronization with the start of a frame of 
the first data. Alternatively, the fourth control bit may be 

In transmitted at a timing corresponding to a portion of a frame other 

.15 than the header portion or the end portion. 

In still another embodiment of the present invention, both 
^ the first data and the third data are message data, and both the 

flJ second data and the fourth data are control data for the message 

['2p data. Alternatively, both the second data and the fourth data 

, may be message data, while both the first data and the third data 
are control data for the message data. 

In this way, according to the present invention, 
25 transmission power control is performed independently for each 

of a plurality of series of logical data with different required 
qualities. Therefore, a multiplexing communication system which 
allows all the required qualities to be achieved without excessive 
power transmission is realized. 

30 

It is noted that this summary of the invention does not 
describe all of the features necessary for the present invention. 
The sub-combinations of the features mentioned above also 
constitute part of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a block diagram showing the structure of a 
communication system according ,to an embodiment of the present 
invention. 

Figure 2 is a block diagram showing the structure of a 
spread- spectrum multiplexer. 

Figures 3 A and 3B are graphs showing FER-SNR 
characteristics curves used for explaining a principle of setting 
the relative SNR. 

Figure 4 is a diagram schematically showing transmission 
timings of a transmission power control (TPC) bit and a quality 
modification (MDF) bit. 

Figure 5 is a block diagram showing the structure of a 
communication system according to another embodiment of the 
present invention . 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, a preferred embodiment of the present 
invention will be described with reference to the drawings. It 
should be noted that the claimed invention is not limited to the 
preferred embodiment described below. Also, it should be noted 
that not all of the features described in the embodiment described 
below are always necessary for solving the aforementioned 
problems . 

A multiplexing communication system according to the 
present invention will be described using an example of a CDMA 
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mobile communication system. 

(A) Basic configuration of a mobile communication system of the 

present invention: 

5 

The mobile communication system of the present invention 
includes two communication stations, i.e., first and second 
communication stations. The first communication station 
transmits the first data series and the second data series. The 

10 second communication station receives the transmitted first and 

second data series, and obtains the relative value of the 

*~ reception signal-to-noise ratio (hereinafter, referred to as a 

iiff relative SNR) for each data series. The relative SNR is obtained 

i y 

l!\ from the actually received quality of each data series by a 

£5 calculation using, as a standard, the decibel value of the 

reception signal-to-noise ratio calculated from the required 
quality of each data series, the required quality being determined 
by the certain properties of each data series . Hereinafter, the 

e y 

!y relative SNR for the first data series is referred to as the first 

20 relative SNR, while the relative SNR for the second data series 

*,J ^ i s referred to as the second relative SNR. In the mobile 

communication system described below, closed- loop power control 
is performed in such a manner as to reduce the absolute difference 
between the first relative SNR and the second relative SNR. 

25 

With this configuration, the communication system of the 
present invention allows all the required qualities of the 
plurality of series of logical data to be achieved while 
suppressing excessive transmission power levels, even in the 
30 case where the different series of logical data to be transmitted 

have different required qualities. 

(B) The structure of the communication system according to an 
embodiment of the present invention 
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Figure 1 illustrates the specific structure of the mobile 
communication system in the present embodiment . In Figure 1 , only 
components having functions related to the concept of the present 
invention are shown, while other components are not shown. 
Moreover, Figure 1 illustrates merely a schematic structure used 
to explain the present invention and therefore the actual circuit 
structure of the invention is not limited to the structure shown 
in Figure 1 . 

The mobile communication system in the present embodiment 
includes a mobile station and a base station, as shown in Figure 
1. The mobile station and the base station serve as the first 
communication station and the second communication station, 
respectively. The mobile station transmits two series of data 
to the base station via a reverse-link. The transmission power 
levels at which the two data series are transmitted are controlled 
independently of each other, on the basis of the reception 
conditions of the two series of data. 

(B-l) The structure of the mobile station: 

Now, the structure of the mobile station will be described, 
with reference to Figure 1. First, the transmission portion of 
the mobile station will be described. The transmission portion 
includes a channel encoder 101, a spread- spectrum modulator 102 
and a variable gain amplifier 103, all of which are provided for 
the first data series, and a channel encoder 104, a spread- 
spectrum modulator 105 and a variable gain amplifier 106, all of 
which are provided for the second data series, and a transmitter 
110 which is used for both the first data series and the second 
data series. 

The channel coders 101 and 104 perform coding of the first 
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data series and coding of the second data series independently 
of each other, based on the required communication qualities of 
the respective data series, so as to output the coded first data 
series and. the coded, second data series as first channel coded 
5 data and second channel coded data, respectively. It is noted 

that each of the channel coders 101 and 104 performs error 
correction coding or the like as the coding operation on the 
corresponding data series. 

10 Each of the spread- spectrum modulators 102 and 105 receives 

the corresponding coded data, performs spread-modulation for the 
Q corresponding coded data, and then outputs the resultant data to 

the corresponding one of the variable gain amplifiers 103 and 106 . 

. |5 An example of the structure of each spread- spectrum 

modulator is shown in Figure 2. Each spread- spectrum modulator 

'"'4 

=: includes an orthogonal symbol generator that generates orthogonal 

5= symbols specific to the corresponding coded data, and two XOR 
^ operators . 

. As shown in Figure 2, the first XOR operators 203 and 205 

receive the orthogonal symbols from the orthogonal symbol 
generators 202 and 205, respectively, while the second XOR 
operators 204 and 207 receive PN (pseudo noise) symbols from a 
25 PN symbol generator 201. 

With this configuration, the first channel coded data and 
the second channel coded data supplied from the channel coders 
101 and 104 to the spread- spectrum modulators 102 and 105, 
30 respectively, are transformed into orthogonal signals using the 

orthogonal symbols specific to the respective data series . Then, 
the orthogonal signals are subjected to spread- spectrum 
modulation using the PN symbols that are spread- spectrum symbols 
specific to the base station, and are output to the variable gain 
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amplifiers 103 and 106, respectively, as shown in Figure 1. 

The gains of the variable gain amplifiers 103 and 106 can 
be changed independently of each other, based on gain values that 
5 are individually set by a transmission power control (TPC) gain 

calculator 109. Therefore, each of the variable gain amplifiers 
103 and 106 outputs the spread- spectrum modulated data, which has 
been amplified based on the gain specific to the amplifier 103 
or 106, to the transmitter 110. 

10 

The transmitter 110 multiplexes the spread- spectrum 
!■«* modulated data thus amplified, and transmits the multiplexed data 

;:f[ to the base station via a radio-link. 

,45 Next, the reception portion of the mobile station will be 

!"■* described. The reception portion includes a receiving automatic 

« gain control (AGO amplifier 107, a RAKE receiver 108, a 

Ifi transmission power control (TPC) gain calculator 109, a radio 

I'U receiver 111, and a forward-link channel decoder 112. 

;;jo 

_ The radio receiver 111 detects a signal received via the 

radio-link. The received signal thus detected is supplied to the 
receiving AGC amplifier 107. The receiving AGC amplifier 107 
makes the power of the received signal uniform and outputs the 
25 received signal to the RAKE receiver 108. 

The RAKE receiver 108 performs reverse spread- spectrum 
modulation for the received signal that has been subjected to 
mult i -path synthesis so as to separate the received data on the 
30 forward- link from a series of transmission power control (TPC) 

bits including quality modification (MDF) bits. The received 
data carried on the forward- link is output to the channel decoder 
112 . The series of TPC bits are output to the TPC gain calculator 
109 . 
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The channel decoder 112 performs a de- interleaving 
operation and an error correcting operation, such as a Viterbi 
decoding operation. That is, the channel decoder 112 terminates 
the radio interface. 



The TPC gain calculator 109 calculates TPC gains 
appropriate for the variable gain amplifiers 103 and 106, based 
on the AGC signal supplied from the receiving AGC amplifier 107 

10 and the series of TPC bits supplied from the RAKE receiver 108. 

The details of the calculation performed by the TPC gain 

i'3 calculator 109 will be described later. 

in The AGC signal is used for open- loop transmission power 

J3> control while the series of TPC bits are used for closed- loop 

transmission power control . 



rij The AGC signal compensates for the center value of the 

Iz, variation, the center value changing at a rate of about 3 Hz, and 

=2P is normalized by an appropriate compressing and expanding 

operation. Hereinafter, this value, represented in units of 
decibels, is referred to as the open- loop gain. 

The series of TPC bits contain not only TPC bits but also 
25 quality modification (MDF) bits, both of which are used for 

controlling the increase and decrease of the closed- loop gain 
values. A TPC bit corresponds to an instruction to increase or 
decrease the closed-loop gain values for both the first data 
series and the second data series. More specifically, both the 
30 closed-loop gain value for the first data series and the 

closed- loop gain for the second data series are increased from 
their respective current gain values when the TPC bit is 11 0", 
while they are decreased from their respective current gain values 
when the TPC bit is "1". In this embodiment, the TPC bit is 
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supplied at intervals of 1.25 ms, and the increment and the 
decrement that are based on the TPC bit are set to be 1.0 dB. 

A quality modification (MDF) bit corresponds to an 
instruction to increase or decrease the closed- loop gain value 
for only the first data series. In this embodiment, the MDF bit 
is supplied at intervals of 80 ms . The closed-loop gain value 
for the first data series is increased from the current value when 
the MDF bit is "0" , while it is decreased from the current value 
when the MDF bit is "1". The increment and the decrement that 
are based on the MDF bit are set to be equal, and are smaller than 
those based on the TPC bit. In this embodiment, the increment 
and the decrement based on the MDF bit are set to be 0.1 dB. 

It is noted that, in this embodiment, the MDF bit has no 
effects on the closed-loop gain value for the second data series. 
In other words, the closed- loop gain value for the second data 
series remains unchanged irrespective of the value of the MDF bit . 

The TPC gain calculator 109 calculates the TPC gain for each 
data series from the gain value adjusted on the basis of the 
aforementioned TPC and MDF bits as follows: 

TPC gain = (initial gain at the maximum data rate) 
+ (open-loop gain) + (closed-loop gain) 
+ 10 log 10 (transmission data rate/maximum data rate) 

The TPC gains thus calculated for the first data series and 
the second data series are supplied to the variable gain 
amplifiers 103 and 106 that correspond to the first data series 
and the second data series, respectively. Please note that the 
use of the quality modification (MDF) bit as described in this 
embodiment allows a plurality of data series having different data 
rates or different required qualities to be transmitted at optimum 
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transmission power levels. 



(B-2) The structure of the base station: 

The reception portion of the base station includes a radio 
receiver 129, a RAKE receiver 121, a channel decoder 122 provided 
for the first data series and a channel decoder 123 provided for 
the second data series . 

The radio receiver 12 9 detects a reception signal via the 
radio-link and outputs the reception signal to the RAKE receiver 
121 . The reception signal is a signal transmitted from the mobile 
station that includes the first and second data series. 

The RAKE receiver 121 performs mult i -path synthesis for the 
reception signal, and then performs reverse spread- spectrum 
modulation for the resultant signal so as to separate data 
corresponding to the first data series from data corresponding 
to the second data series. The data corresponding to the first 
data series is supplied to the channel decoder 122, while the data 
corresponding to the second data series is supplied to the channel 
decoder 123. In addition, the RAKE receiver 121 calculates the 
ratio of the reception signal to the interference (hereinafter, 
referred to as RAKE SIR ) for the first data series (not for the 
second data series) from the reception signal . The obtained RAKE 
SIR is output to a transmission power controller 125. In this 
embodiment, the RAKE SIR is updated at intervals of 1 .25 ms, where 
one frame corresponds to 2 0 ms . 

The channel decoders 122 and 123 perform a decoding 
operation, such as error correction, for the respective reception 
data that are separated by the RAKE receiver 121, and then output 
the decoding results as decoded data to a circuit (not shown) 
provided after the channel decoders 122 and 123. Each channel 



decoder 122 or 12 3 adds a frame check series, such as a cyclic 
redundancy check (hereinafter, referred to as CRC) series to every 
frame of the data so as to check the presence of frame error. In 
addition, each channel decoder 122 or 123 performs re-try control 
or the like, if necessary. The results of the CRC are output from 
the channel decoders 122 and 123 to a quality adjuster 124. 

The transmission portion of the base station includes the 
quality adjuster 124, the transmission power controller 125, a 
channel multiplexer 126, a spread- spectrum modulator 127, a 
timing generator 128, a radio transmitter 130 and a channel coder 
131 for the forward- link data. The above components of the 
transmission portion operate based on timing signals supplied 
from the timing generator 128. 

The quality adjuster 124 counts the number of error frames 
per unit time for the respective data series from the results of 
the frame error check supplied from the channel decoders 122 and 
123, and thus measures the frame error rate (hereinafter, referred 
to as FER) . 

Then, the quality adjuster 124 obtains a target SIR for the 
first data series and the quality modification (MDF) bit based 
on the measurement result, and outputs the target SIR for the first 
data series to the transmission power controller 125 while 
outputting the MDF bit to the channel multiplexer 126. 

In this embodiment, the target SIR is output at intervals 
of 2 seconds and the MDF bit is output at intervals of 80 ms . 

More specifically, the quality adjuster 124 obtains the 
target SIR as follows . For example, when there exist frame errors 
in the first data series received during a period of 2 seconds, 
the quality adjuster 124 updates the currently held target SIR 
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by adding a certain constant value to the current target SIR. 
Similarly, when there is no frame error in the first data series 
received during a period of 2 seconds, the quality adjuster 124 
updates the current target SIR by subtracting the certain constant 
5 value from the current target SIR. 

On the other hand, the quality adjuster 124 obtains the 
other output, i.e., the MDF bit, in the following manner. 

10 Figures 3A and 3B show FER-SNR characteristics for the first 

data series and the second data series, respectively. The quality 
£3 adjuster 124 stores data that specifies a curve representing the 

!;f; FER-SNR characteristics for each data series. Alternatively, 

the quality adjuster 124 may store approximated data obtained by 

i ; 
■: 

jK approximating values on the FER-SNR characteristic curve. In 

H either case, this data is stored in the quality adjuster 124 in 

=■ the form of a table, for example. The quality adjuster 124 then 

«y calculates the MDF bit by the following three steps, using this 

^ stored data. 

= : s 

' :=? - In the first step, the quality adjuster 124 obtains an FER 

value that is theoretically determined by a property of each data 
series (referred to as a required FER value) and an SNR value 
required for realizing the required FER value (referred to as a 

25 required SNR value) . In the second step, the quality adjuster 

124 calculates an average value of an actual FER during a time 
period corresponding to the required FER value based on the 
results of frame errors for the respective series of data, which 
are supplied from the channel decoders 122 and 123, so as to obtain 

30 a measured FER value. Finally, in the third step, the quality 

adjuster 124 obtains a measured SNR value corresponding to the 
measured FER value obtained in the second step. 

In this embodiment, the difference obtained by subtracting 
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the required SNR value from the measured SNR value is called the 
relative SNR value; and the relative SNR values for the first data 
series and the second data series are called the first relative 

SNR value a,nd_ the second relative SNR value s respectively, 

5 

After the relative SNR values for the first and second data 
series are obtained in the aforementioned way, the quality 
adjuster 124 generates an MDF bit based on a certain relationship 
between the first relative SNR value and the second relative SNR 
10 value. In this embodiment, the relationship used is the 

difference obtained by subtracting the second relative SNR from 
*n the first relative SNR (hereinafter, referred to as the relative 

•;3 SNR difference) . 

i y 

J=15 In this embodiment, the quality adjuster 124 outputs an MDF 

I 5 * bit of "1", which corresponds to the instruction for the mobile 

S! station to decrease the transmission power level, when the 

If relative SNR difference is 0 or more, and the quality adjuster 

! : U 124 outputs an MDF bit of "0", which corresponds to the 

B.n 

.^0 instruction for the mobile station to increase the transmission 

_ power level, when the relative SNR difference has a negative value , 

i.e., a value less than 0. The MDF bit output from the quality 
adjuster 124 is supplied to the channel multiplexer 126. 

25 As for the other output of the quality adjuster 124, i.e. , 

the target SIR value, it is supplied to the transmission power 
controller 125. The transmission power controller 125 compares 
the target SIR value with the RAKE SIR value for the first data 
series supplied from the RAKE receiver 121, and obtains the 

30 transmission power control (TPC) bit by calculation. 

The transmission power controller 125 outputs a TPC bit of 
"0", which corresponds to the instruction for the mobile station 
to increase the transmission power level, when the RAKE SIR value 
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is smaller than the target SIR value, and the transmission power 
controller 125 outputs a TPC bit of tt l" , corresponding to the 
instruction for the mobile station to decrease the transmission 
power level, when the RAKE SIR value is equal to or larger than 
the target SIR value. The TPC b,it output from the transmission 
power controller 125 is also supplied to the channel multiplexer 
126 . 

The channel multiplexer 12 6 also receives the output of the 
channel coder 131. The channel coder 131 is a circuit that 
performs a coding operation for the forward-link data and that 
outputs the coded data to the channel multiplexer 126. In the 
channel coder 131, an error correction coding operation or the 
like is performed as the coding operation, as in the channel coders 
101 and 104 of the mobile station. 

In this way, the channel multiplexer 126 receives the MDF 
bit from the quality adjuster 124, the TPC bit from the 
transmission power controller 125 and the coded data from the 
channel coder 131. The channel multiplexer 126 multiplexes the 
MDF bit and the TPC bit with the coded data, and then outputs the 
resultant data to the spread- spectrum modulator 127. In this 
embodiment, the TPC bit is assigned to the coded data at intervals 
of 1.25 ms. The TPC bit is replaced with the MDF bit at intervals 
of 80 ms. 

The spread- spectrum modulator 12 7 performs spread- spectrum 
modulation for the data output from the channel multiplexer 126 
and then outputs the modulated data to the radio transmitter 130. 
The modulated data is transmitted from the radio transmitter 130 
via the radio-link to the mobile station. 

Figure 4 schematically shows the transmission timings of 
the TPC bit and the MDF bit. The first row corresponds to a TPC 



bit series (including both the TPC bit and the MDF bit) that is 
separated from the message data and the control data. The TPC 
bit series is transmitted while being inserted into the frames. 

5 In Figure 4, the insertion timing of each bit into a single 

frame is schematically shown. The third row shows the duration 
of a single frame, which corresponds to 20 ms in this embodiment. 
The TPC bit is inserted into the frames at intervals of 1.25 ms 
in synchronization with the rise of the clock signal for 
10 multiplexing, as shown at the second row in Figure 4 . The insertion 

interval of the TPC bit is determined based on the fact that the 
13 reception state actually changes about every 1.25 ms . The clock 

::rj signal for multiplexing is generated, for example, based on the 

Ln 80 ms timing clock as shown at the bottom row in Figure 4. 

I'* In this embodiment, both the clock signal for multiplexing 

i. and the 8 0 ms timing clock are generated by the timing generator 

128 so that the 80 ms timing clock rises once during a period 
iU corresponding to a duration of four frames. In this embodiment, 

,;20 the rising timing of the 80 ms timing clock is synchronized with 

- the start of the first frame of the four frames. 

The MDF bit is transmitted at intervals of 80 ms, as 
described before. The MDF bit is inserted into the frames in 
25 synchronization with the 80 ms timing clock so that the TPC bit 

is replaced with the MDF bit. Therefore, as shown in Figure 4, 
the MDF bit is inserted in the leading portion of the frame in 
this embodiment. 

30 However, the transmission timing of the MDF bit (i.e. , the 

position in the frame at which the MDF bit is inserted) is not 
limited the leading portion of the frame . The transmission timing 
of the MDF bit is determined based on various factors. For example, 
the leading portion or the last portion of the frame contains 



24 



important information, such as header information for the message 
data or control codes. Therefore, in order to prevent such 
important information from being damaged, it is preferable to 
insert the MDF bit so as to have no effect on this important 
information, for example, to insert the MDF bit in the middle 
portion of an audio data portion of the frame. 

(C) Operation of the transmission power control in this 
embodiment : 

Finally, the operations of the whole mobile communication 
system including the mobile station and the base station in this 
embodiment will be described. In the following description, it 
is assumed that the communication between the mobile station and 
the base station has already been started via the radio-link. 

(C-l) In the case where the RAKE SIR value actually received at 
the base station is larger than the target SIR value: 

This case includes not only the case where the RAKE SIR value 
becomes larger but also the case where the target SIR value becomes 
smaller relative to the RAKE SIR value. 

The reception state is variable due to fazing or the like, 
because the communication between the base station and the mobile 
station is established via the radio-link. Therefore, in order 
to decrease such adverse effects of fazing or the like, the 
transmission power controller 125 in the base station monitors 
the state of the radio-link using only the first data series. 
Please note that it is unnecessary to use the second data series, 
because the second data series is also transmitted via the same 
radio-link as the first data series. 

When the reception state is good and therefore the RAKE SIR 



value actually received at the base station is larger than the 
target SIR value, the transmission power controller 125 sets the 
TPC bit to "1" to decrease the transmission power level. The TPC 
bit is multiplexed with the forward- link, data,- in pa_rticula.r with 
5 the message data, and is sent t,o the TPC gain calculator 109 in 

the mobile station. Alternatively, the TPC bit may be multiplexed 
with the control data for the message data of the forward-link 
data . 

10 The TPC gain calculator 109 in the mobile station receives 

the TPC bit separated from the forward-link data by the receiving 
3 AGC amplifier 107. When the TPC bit is "1" , the TPC gain 

ff calculator 109 decreases the closed-loop gains for both the first 

Fj data series and the second data series by 1.0 dB. In this way, 

1*15 the TPC gains from the TPC gain calculator 109 to the variable 

- gain amplifiers 103 and 106 indicate that the transmission power 

is to be decreased by 1.0 dB, as long as the other gain factors 
remain unchanged. Subsequently, the transmission power levels 
L? for the first data series and the second data series are decreased. 

Pi 

3 - (C-2) In the case where the RAKE SIR value actually received at 

the base station is smaller than the target SIR value: 

This case includes not only a case where the RAKE SIR value 
25 becomes smaller but also a case where the target SIR value becomes 

larger relative to the RAKE SIR value. 



In this case, the transmission power controller 125 in the 
base station sets the TPC bit to "0". The TPC bit thus set is 
30 transmitted to the TPC gain calculator 109 in the mobile station 

via the radio-link. The TPC gain controller 109 operates to 
increase the closed-loop gains for both the first data series and 
the second data series by 1.0 dB, thereby increasing the TPC gains 
of the variable gain amplifiers 103 and 106 by 1.0 dB, as long 
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as the other gain factors remain unchanged. Subsequently, the 
transmission power levels of the first data series and the second 
data series are increased. 

5 (C-3) In the case where the relative SNR difference calculated 

by the quality adjuster 131 is 0 or more: 

The case in which a plurality of data series with different 
required qualities is transmitted while being multiplexed on the 
10 same frequency (radio-link) will now be considered. When all the 

data series are transmitted at the same transmission power level, 
the transmission power level maybe insufficient for transmitting 

=. 

;;rj one data series even though the transmission power level is 

i u 

in sufficient for the other data series. 

i 

H In this embodiment, control is performed to make the 

;i reception states of all data series approximately the same. More 

vfi specifically, the quality adjuster 124 in the base station 

S'U monitors the difference between the first relative SNR obtained 

29 for the first data series and the second relative SNR obtained 
. for the second data series, and controls the MDF bit so that the 

reception state of the first data series is approximately the same 
as that of the second data series. 

25 In the case where the relative SNR difference becomes 0 or 

more and the first relative SNR is larger than the second relative 
SNR, the reception state of the first data series is relatively 
good and therefore the difference between the measured SNR value 
and the required SNR value is considerably large. Therefore, the 

30 quality adjuster 124 in the base station sets the MDF bit to "1" 
so as to decrease the transmission power level for the first data 
series. Then, the MDF bit is multiplexed with the forward- link 
data, so as to be transmitted to the TPC gain calculator 109 
provided at the mobile station. In this embodiment, the MDF bit 
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is multiplexed with the message data. Alternatively, the MDF bit 
may be multiplexed with the control data for the message data. 

When the TPC gain calculator 109 in the mobile station 
5 receives an MDF bit of u l", it decreases the closed-loop gain 

for the first data series by 0.1 dB. Therefore, the TPC gain 
supplied to the variable gain amplifier 103 is sent as an 
instruction to decrease the gain by 0.1 dB, as long as the other 
gain factors remain unchanged. Subsequently, the transmission 
10 power level for the first data series is decreased relative to 

the transmission power level for the second data series. 

3 (C-4) In the case where the relative SNR difference calculated 

n by the quality adjuster 131 is less than 0: 

=jl5 

^ In this case, regardless of the required quality of each 

data series and the reception state, the first relative SNR for 
ri the first data series becomes larger than the second relative SNR 

U for the second data series . 

^20 

- The quality adjuster 124 in the base station sets the MDF 

bit to w 0". The MDF bit thus set is multiplexed with the 
forward-link data and is transmitted to the TPC gain calculator 
109 in the mobile station via the radio-link. The TPC gain 
25 calculator 109 increases the closed-loop gain for the first data 

series by 0.1 dB because the MDF bit is "0", so as to increase 
the TPC gain of the variable gain amplifier 103 by 0 . 1 dB, as long 
as the other gain factors remain unchanged. Subsequently, the 
transmission power level of the first data series is increased. 

30 

(D) The advantageous effects of the present embodiment: 



As described above, in the mobile communication system 
according to the present embodiment, even if the first data series 
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and the second data series, which are to be multiplexed and 
transmitted on the same frequency, have different required 
qualities, the transmission power level of the first data series 
is controlled in such a manner as to reduce the difference between 
5 the measured SNR and the required SNR for each data series. This 

realizes an efficient mobile communication system in which the 
communication qualities required for both the first and second 
data series are achieved and excessive power transmission for the 
respective data series can be prevented. 

10 

Thus, degradation of the communication quality and decrease 
i<3 of the transmission rate due to re-try control can be effectively 

avoided. Moreover, interference with other users can be also 

s" : i 

\n reduced, thereby effectively preventing any decrease in the 

J6> number of simultaneous connections allowed. 

;i (E) Modifications: 

3;r= In the above embodiment, the transmission power levels of 

f'U the data series on the reverse-link are controlled. 

2$ Alternatively, the transmission power levels of the forward-link 

- data series may be controlled. In this case, the base station 
transmits a plurality of series of data on the forward-link and 
the mobile station receives the transmitted data series. Then, 
the mobile station generates the TPC bit and the MDF bit as 

25 described in the above embodiment, multiplexes the TPC bit and 

the MDF bit with the data to be transmitted on the reverse-link, 
and transmits them to the base station. The base station controls 
the transmission power levels of the plurality of data series on 
the forward- link independently of each other, based on the TPC 

30 bit and the MDF bit. 

Alternatively, transmission power control may be performed 
for both the reverse -link data and the forward- link data . In this 
case, the mobile station receives the TPC bit and the MDF bit 
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transmitted together with the forward- link data and controls the 
transmission power levels of the data series on the reverse -link, 
while the base station receives the TPC bit and the MDF bit 
transmitted together with the reverse-link data and controls the 
5 transmission power levels of the data series on the forward-link. 

Figure 5 shows the detailed structure of the communication 
system in this modification. In this figure, the same reference 
numerals are used for components which are the same as those in 
10 figure 1, and detailed explanation of these components is omitted. 

Here, it is assumed that, on both the reverse -link and the 
forward- link, two series of data are transmitted. 

In this modification, the reception portion of the mobile 
^3 15 station is additionally provided with a quality adjuster 114 and 

a transmission power controller 115, which have the same 
2£ structures as those of the quality adjuster 124 and the channel 

multiplexer 124 provided in the base station, respectively. Also, 
a timing generator 113 for supplying various timing signals to 
20 the components of the mobile station is added to the reception 

portion of the mobile station. As for the transmission portion 
of the mobile station, a channel multiplexer 116 having the same 
structure as that of the channel multiplexer 12 6 is added between 
the channel encoder 101 and the spread- spectrum multiplexer 102. 

25 

In the reception portion of the base station, a receiving 
AGC amplifier 136 and a TPC gain calculator 137, having the same 
structures as those of the receiving AGC amplifier 107 and the 
TPC gain calculator 109 in the mobile station, respectively, are 
30 added. As for the transmission portion of the base station, a 

channel encoder 133, a spread- spectrum modulator 134 and variable 
gain amplifiers 132 and 135 are added. All of the components in 
the base station operate based on the timing signals from the 
timing generator 128. 
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The transmission power control for the forward- link data 
is performed as follows: The RAKE receiver 108 separates the 
first data series and the second data series from each other and 
5 outputs them to the two channel decoders 112, respectively. Based 

on the outputs of the channel decoders 112, the quality adjuster 

114 obtains the target SIR for the first data series on the 
forward- link and the MDF bit in the same manner as that described 
in the above embodiment. The target SIR is output to the 

10 transmission power controller 115 while the MDF bit is output to 

the channel multiplexer 116. 

5..3 Further, the RAKE receiver 108 obtains the RAKE SIR for the 

iS first data series transmitted on the forward-link in the same 

jjs manner as that described in the above embodiment and outputs the 

M obtained RAKE SIR to the transmission power controller 115. The 

transmission power controller 115 obtains the TPC bit by 

;-;f? calculation using the RAKE SIR from the RAKE receiver 108 and the 

| : y target SIR supplied from the quality adjuster 114, and then 

? £p outputs the obtained TPC bit to the channel multiplexer 116. 

The channel multiplexer 116 multiplexes the TPC bit and the 
MDF bit , which are supplied from the transmission power controller 

115 and the quality adjuster 114, respectively, with the first 
25 data series on the reverse -link that has been coded by the channel 

encoder 101. In this way, the TPC bit and the MDF bit for 
controlling the transmission power levels of the first and second 
data series on the forward-link are transmitted from the mobile 
station to the base station. 

30 

When the base station receives the TPC bit and the MDF bit 
for the forward-link data, the base station adjusts the 
transmission power levels of the forward- link data as follows. 
The RAKE receiver 121 separates the TPC bit and the MDF bit from 
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the reception signal supplied from the receiving AGC amplifier 
136 and outputs them to the TPC gain calculator 136. The TPC 
calculator 136 calculates the TPC gains appropriate for the 
variable gain amplifiers 132 and 135 based on the TPC bit and the 
5 MDF bit, as described in the above embodiment. The variable gain 

amplifiers 132 and 135, which are provided for the first data 
series and the second data series on the forward-link, 
respectively, have their gains changed, whereby the transmission 
power levels of the first data series and the second data series 
10 are adjusted independently of each other. 

f3 In the above embodiment, the MDF bit is set based on the 

relative SNR difference, i.e., the difference between the 
\S\ relative SNR values obtained for the first data series and the 

L i5 second data series. Alternatively, the MDF bit may be set as 

follows: First, the difference between the required FER value 
» and the measured FER value for the first data series and the 

p'rj difference between the required FER value and the measured FER 

fLf _ value for the second data series are obtained. Then, the 

,=?0 difference between the above differences is obtained. The MDF 

■ 3 =- bit is set so as to make this last-obtained difference smaller. 

Further, in the above embodiment, the measured SNR value 
and the. required SNR value are estimated based on the measured 
25 FER value and the required FER value, and then the MDF bit is set 

based on these estimated SNR values. However, if the SNR values 
can be directly obtained for the first data series and the second 
data series, the MDF bit may be set based on the actually obtained 
SNR values. 



30 



Similarly, if the required FER value and the measured FER 
value are directly obtained, the MDF bit may be set directly based 
on the obtained FER values. On the other hand, if the FER values 
are not obtained, then, after the required FER value and the 
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measured FER value are estimated from the relationship between 
the required SNR value and the measured SNR value, the MDF bit 
may be set based on the thus estimated values. 

5 Further, in the above embodiment, the MDF bit is used for 

controlling the transmission power level of the first data series. 
However, the same effects can be obtained in the case where the 
MDF bit is used for controlling the transmission power level of 
the second data series. Similarly, the same effects described 
10 in the above embodiment can be obtained in the case where the 

transmission power levels of the first data series and the second 
I;3 data series are controlled independently of each other. 

f=n Further, in the above embodiment, an example in which two 

ijs series of data are multiplexed and transmitted is described. 

I Sm However, the present invention can be applied to the case where 

si three or more series of data are multiplexed and transmitted. In 

•13 

l : tj this case, the transmission power levels of data series having 

. different communication qualities may be controlled 

\%f) independently of each other. 

Furthermore, although a communication system including a 
mobile station and a base station is described in the above 
embodiment, the communication system according to the present 
25 invention is not limited thereto. 

In the above embodiment, the TPC bit and the MDF bit that 
cause to increase or decrease the transmission power levels are 
included in the control data that is to be transmitted from the 
30 mobile station to the base station. However, the TPC bit and the 

MDF bit may be multiplexed with the communication data itself, 
i.e., the message data which is to be transmitted. 

Furthermore, in the above embodiment, the TPC bit causes 
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to decrease or increase the gain by 1.0 dB and the MDF bit serves 
to decrease or increase the gain by 0.1 dB. However, the amount 
of the increment and the decrement due to the TPC bit and the amount 
of the increment and the decrement due to the MDF bit are not 
5 limited to these values. ( 

In the above embodiment, the data specifying the 
relationships shown in Figures 3A and 3B is stored in the form 
of a table in the quality adjuster 124. Alternatively, instead 
10 of such tabular data, transformation equations specifying the 

relationships shown in Figures 3A and 3B may be stored and used 
to calculate the tabular data. 

t 

*: 

in In the above embodiment, the relative SNR difference is 

£ 45 defined as the result of subtracting the second relative SNR from 

; 4 * the first relative SNR, and the MDF is set based on whether the 

s relative SNR difference is a positive value or a negative value. 

However, the manner of setting the MDF bit is not limited to this. 
1^ Any manner of setting may be used in the present invention as long 

ii20 as the transmission power levels are controlled so as to make the 

' ! -~ difference between the required quality and the actual received 

quality for one data series closer to the difference between the 

required quality and the actual received quality for the other 

data series . 

25 

In the above embodiment, the case in which the present 
invention is applied to a mobile communication system is described . 
However, the present invention can also be applied to 
communication between fixed stations, as long as the system is 
30 a communication system where a plurality of series of logical data 

having different required communication qualities are 
transmitted on a plurality of physical channels in a multiplexed 
manner . 
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Furthermore, in the above embodiment, the case in which the 
present invention is applied to a code-dividing mult i -access 
(CDMA) communication system is described. However, the 
multiplexing method of a system to which the present invention 
5 is applied is not limited to a code-dividing multi-access (CDMA) 

system, as long as the system is a communication system where a 
plurality of series of logical data having different required 
communication qualities are transmitted on a plurality of 
physical channels in a multiplexed manner. 

10 

As described above, according to the present invention, a 
r ~ communication system includes: a first communication station for 

transmitting first data and second data at a first transmission 
?,n power level and a second transmission power level, respectively; 

Z5 and a second communication station for receiving the first data 

l'* and the second data transmitted from the first communication 

s station. In this communication system, the second communication 

=! ft station generates transmission power control information based 

fU on the received first and second data, and transmits the generated 

,20 transmission power control information to the first communication 

w - station, and the first communication station receives the 

transmission power control information from the second 
communication station, and controls the first transmission power 
level and the second transmission power level independently of 
25 each other based on the transmission power control information. 

This realizes a multiplexing communication system which allows 
the required qualities of the respective sets of data to be 
achieved while suppressing excessive power transmission. 
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